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Description 

[0001] The present invention relates to a polishing composition and a rinse composition, and more specifically to a 
polishing composition and a rinse composition that are used in the treatment of silicon wafers to reduce the haze level 
of the surfaces of those silicon wafers. 

[0002] Highly integrated and high-speed ULSIs are manufactured in accordance to a fine-design rule. In order to 
satisfy the design rule, the focal depth of recent aligners is becoming shallower, and a flawless flat surface is required 
for silicon wafers for forming semiconductor devices. Haze level and light point defect (LPD) are used as indices rep- 
resenting surface characteristics (the degree of flaws and flatness). 

[0003] Haze means milky-white clouding seen on the surface of a mirror-finished silicon wafer, and a haze level 
indicates the degree of the milky-white clouding. The clouding is caused by the diffused reflection of strong light radiated 
onto the silicon wafer, and can be visually observed. 

[0004] LPD is the defect on the surface of a silicon wafer, and is caused by foreign substances adhered on the 
surface (hereafter also referred to as particles). 

[0005] A polishing composition according to the first conventional method contains silicon dioxide, water, a water- 
soluble polymer (such as hydroxyethyl cellulose), a basic compound (such as ammonia), and a compound having 1 
to 10 alcoholic hydroxyl groups (such as methanol). 

[0006] Japanese Patent Laid-Open Publication No. 11-116942 discloses a polishing composition according to the 
second conventional method containing silicon dioxide, water, a water-soiuble polymer, and a nitrogen-containing basic 
compound having 1 to 10 alcoholic hydroxyl groups (such as monoethanolamine). 

[0007] By the action of the above-described water-soluble polymer, alcoholic compound, or nitrogen-containing basic 
compound, the quantity of particles adhered on the wafer surface are decreased, and the LPD is improved. 
[0008] However, the polishing compositions according to the first and second conventional methods could not sat- 
isfactorily reduce the haze level on the surface. Therefore, there has been a demand for a treating method and a 
composition that can provide silicon wafers having surfaces of a reduced haze level. 

[0009] The object of the present invention is to provide a polishing composition, a rinse composition that can provide 
a silicon wafer having a surface with a reduced haze level and a method of treating a silicon wafer using that polishing 
composition and that rinse composition. 

[0010] One aspect of the present invention is a polishing composition used in a polishing process for reducing haze 
level of wafer surface. The polishing composition includes hydroxyethyl cellulose, polyethylene oxide compounded in 
said composition in a quantity larger than 0.005% by weight and smallerthan 0.5% by weight, an alkaline compound, 
water, and silicon dioxide. 

[001 1] Another aspect of the present invention is a rinse composition used in the process for manufacturing silicon 
wafer having a surface with a reduced haze level. The rinse composition includes hydroxyethyl cellulose, polyethylene 
oxide compounded in said composition in a quantity larger than 0.005% by weight and smaller than 0.5% by weight, 
an alkaline compound, and water. 

[001 2] A further aspect of the present invention is a method of polishing for providing a silicon wafer having a surface 
with a reduced haze level. The method includes the steps of preparing a polishing composition containing hydroxyethyl 
cellulose, polyethylene oxide, an alkaline compound, water, and silicon dioxide, and contacting said polishing compo- 
sition to the surface of said silicon wafer. Said polyethylene oxide is compounded in said polishing composition in a 
quantity larger than 0.005% by weight and smaller than 0.5% by weight. 

[0013] A further aspect of the present invention is a method of rinsing for providing a silicon wafer having a surface 
with a reduced haze level. The method comprising the steps of preparing a rinse composition containing hydroxyethyl 
cellulose, polyethylene oxide, an alkaline compound, and water, and contacting said rinse composition to the surface 
of said silicon wafer after said surface has been polished. Said polyethylene oxide is compounded in said composition 
in a quantity larger than 0.005% by weight and smaller than 0.5% by weight. 

[0014] A further aspect of the present invention is a method of treating a surface of a silicon wafer for providing a 
silicon wafer having a surface with a reduced haze level. The method comprising the steps of polishing the surface of 
said silicon wafer using a polishing composition containing hydroxyethyl cellulose, polyethylene oxide, an alkaline 
compound, water, and silicon dioxide. Said polyethylene oxide is compounded in said composition in a quantity larger 
than 0.005% by weight and smallerthan 0.5% by weight. Afterpolishing, a rinse composition is used to rinse the surface 
of said silicon wafer immediately after the completion of said polishing step, wherein said rinse composition contains 
hydroxyethyl cellulose, polyethylene oxide, an alkaline compound, and water. The polyethylene oxide compounded in 
said rinse composition is in a quantity larger than 0.005% by weight and smaller than 0.5% by weight. 
[0015] The invention, together with objects and advantages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments together with the accompanying drawing in which: 

Fig. 1 is a perspective view of a polishing apparatus used in the polishing method and the rinsing method according 
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to the present invention. 
[0016] The first embodiment of the present invention will be described below. 

[0017] First, a method for manufacturing and treating a silicon wafer will be described. In the first step, a single- 
5 crystal silicon ingot is sliced to produce a wafer. After lapping the wafer, that wafer is formed to a predetermined shape. 
Etching is performed for removing the deteriorated layer caused by lapping on the surface layer of the wafer. Then the 
edges of the wafer are polished. 

[0018] Furthermore, multistage polishing of the wafer is performed depending on the required quality of the silicon 
wafer. Specifically, in order to improve the flatness of the wafer surface, coarse polishing and fine polishing are per- 
io formed. Thereafter, final polishing is performed in order to reduce (improve) the haze level of the wafer surface. Pol- 
ishing may be performed in two stages, or may be broken up into four stages or more. 

[0019] The first embodiment relates to a polishing composition used in the polishing process for reducing the haze 
level. The polishing composition contains the following components A to E: 

15 A: hydroxyethyl cellulose (HEC) 

B: polyethylene oxide (PEO) 
C: alkaline compound 
D: water 
E: silicon dioxide 

20 

[0020] Component A, or HEC, has the function to reduce the haze level, and to improve the wettability of the wafer 
surface. The average molecular weight of HEC is preferably 300,000 to 3,000,000; more preferably 600,000 to 
2,000,000; and most preferably 900,000 to 1 ,500,000. If the average molecular weight of HEC is lower than the above- 
described range, the effect of reducing the haze level is lowered. On the other hand, if the average molecular weight 
25 exceeds the above-described range, the polishing composition has an excessive viscosity and is gelated, making 
handling difficult. 

[0021] The content of HEC in the polishing composition is preferably 0.01 to 3 % by weight, more preferably 0.05 to 
2% by weight, and most preferably 0.1 to 1% by weight. If the content of HEC is less than the above-described range, 
the effect of reducing the haze level is lowered. On the other hand, if the content of HEC exceeds the above-described 
30 range, the polishing composition has an excessive viscosity and is gelated, which tends to make handling difficult. 
[0022] Component B, or PEO, has the function to cooperate with HEC to reduce the haze level. PEO is represented 
by general formula (1), and n in general formula (1) indicates the average degree of polymerization of ethylene oxide. 

35 HO- (CH 2 CH 2 0) n -CH 2 CH 2 OH (1) 

[0023] The average molecular weight of PEO is normally 30,000 to 50,000,000; preferably 50,000 to 30,000,000; 
and more preferably 1 00,000 to 1 0,000,000. If the average molecular weight of PEO is less than 30,000, the effect of 
reducing the haze level is lowered. On the other hand, if the average molecular weight of PEO exceeds 50,000,000, 

40 the polishing composition will become a gel having a high viscosity, and handling will be difficult. 

[0024] The content of PEO in the polishing composition is more than 0.005% by weight and less than 0.5% by weight, 
preferably more than 0.01% by weight and less than 0.4% by weight, and most preferably more than 0.03% by weight 
and less than 0.2%. If the content of PEO is 0.005% by weight or less, the effect of reducing the haze level is lowered. 
If the content of PEO is 0.5% by weight or more, the polishing composition will become a gel having a high viscosity, 

45 and handling will be difficult. 

[0025] Component C, or an alkaline compound, has the function to improve the polishing efficiency by corroding or 
etching the wafer surface. 

[0026] As the alkaline compound, the following compounds can be used: inorganic alkaline compounds such as 
potassium hydroxide (PHA), sodium hydroxide (NHA), potassium hydrogen carbonate (PCAH), potassium carbonate 

50 (PCA), sodium hydrogen carbonate (NCAH), and sodium carbonate (NCA); ammonium salts such as ammonia (AM), 
tetrametyl ammonium hydroxide (TMAH), ammonium hydrogen carbonate (ACAH), and ammonium carbonate (ACA); 
and amines such as methylamine (MA), dimethylamine (DMA), trimethylamine (TMA), ethylamine (EA), diethylamine 
(DEA), triethylamine (TEA), ethylenediamine (EDA), monoethanolamine (MEA), N-(p-aminoethyl) ethanolamine 
(AEEA), hexamethylenediamine (HMDA), diethylenetriamine (DETA), triethylenetetramine (TETA), piperazine anhy- 

55 dride (PIZ), piperazine hexahydride, 1 -(2-aminoethyl) piperazine (AEPIZ), and N-methylpiperazine (MPIZ). The alkaline 
compound can be used alone or in combination of two or more. The abbreviations indicated in parentheses will be 
used in the following description. 
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[0027] The preferred alkaline compounds are PHA, NHA, PCAH, PCA, NCAH, NCA, AM, TMAH, ACAH, ACA, PIZ, 
piperazine hexahydride, AEPIZ, and MPIZ, which have relatively low amine odor. PHA, NHA, AM, TMAH, PIZ, and 
piperazine hexahydride are preferred also because these compounds do not interfere with the function of the compo- 
nents of HEC and PEO. 

5 [0028] The preferred content of Component C in the polishing composition is as follows: 

[0029] When Component C is PHA, NHA, PCAH, PCA, NCAH, NCA, AM, TMAH, ACAH, ACA, MA, DMA, TMA, EA, 
DEA, TEA, EDA, MEA, AEEA, HMDA, DETA, orTETA, the content of Component C is preferably 0.02 to 4% by weight, 
more preferably 0.03 to 3% by weight, and most preferably 0.2 to 2% by weight. 

[0030] When Component C is PIZ, AEPIZ, or MPIZ, the content of Component C is preferably 0.005 to 3% by weight, 
10 more preferably 0.01 to 2% by weight, and most preferably 0.1 to 0.5% by weight. 

[0031] When Component C is piperazine hexahydride, the content is preferably 0.01 to 6% by weight, more preferably 
0.02 to 3% by weight, and most preferably 0.2 to 1% by weight. 

[0032] If the content of Component C is lower than the preferred range, the polishing acceleration function by Com- 
ponent C is weakened, and polishing speed is lowered. On the other hand, if the content of Component C exceeds 
15 the preferred range, the polishing composition is gelated, and since further polishing acceleration function cannot be 
obtained, the content of Component C exceeding the preferred range is uneconomical. Furthermore, since the etching 
power increases excessively, the wafer surface is roughened. 

[0033] Component D, or water, has the function to disperse silicon dioxide, and to dissolve HEC, PEO, and the 
alkaline compound. In order not to interfere with the functions of other Components A, B, C, and E, the water of a 
20 lowered impurity content is preferred, such as ion-exchanged water, pure water, ultra-pure water, and distilled water. 
[0034] Component E. or silicon dioxide, has the function to mechanically polish the wafer surface. As the silicon 
dioxide, for example, colloidal silica (colloidal Si0 2 ) and fumed silica (fumed Si0 2 ) can be used. Of these, colloidal 
silica is preferred because it can polish the wafer surface with a high degree of precision. 

[0035] The preferred particle diameters of Component E will be described. Two types of particle diameters are the 
25 average particle diameter D SA obtained on the basis of the specific surface area measured in accordance with the 
method for measuring the specific surface area of powder by a gas suction (BET method), and the average particle 
diameter D N1 calculated from laser scattering. 

[0036] When Component E is colloidal silica, the average particle diameter D SA is preferably 5 to 300 nm, more 
preferably 5 to 200 nm, and most preferably 5 to 1 20 nm; and the average particle diameter D,^ is preferably 5 to 300 
30 nm, more preferably 1 0 to 200 nm, and most preferably 1 5 to 1 50 nm. If the average particle diameter of colloidal silica 
is smaller than the above-described range, sufficient polishing speed cannot be achieved. On the other hand, if the 
average particle diameter of colloidal silica exceeds the above-described range, the surface roughness of the silicon 
wafer tends to increase, and defects of the wafer surface such as scratches are easily produced to deteriorate the 
haze level. 

35 [0037] When Component E is fumed silica, the average particle diameter D SA is preferably 10 to 300 nm, more 
preferably 1 0 to 200 nm, and most preferably 1 0 to 1 50 nm; and the average particle diameter D N4 is preferably 30 to 
500 nm, more preferably 40 to 400 nm, and most preferably 50 to 300 nm. If the average particle diameter of fumed 
silica is smaller than the above-described range, sufficient polishing speed cannot be achieved. On the other hand, if 
the average particle diameter of fumed silica exceeds the above-described range, the surface roughness of the silicon 

40 wafer tends to increase, and defects of the wafer surface such as scratches are easily produced to deteriorate the 
haze level. 

[0038] Silicon dioxide may contain metallic impurities. The metallic impurities include transition metals, such as iron 
(Fe), nickel (Ni), and copper (Cu); calcium (Ca), magnesium (Mg), or the hydroxides and oxides thereof. The total 
content of the metallic impurities in silicon dioxide, as measured in a 20 wt-% aqueous solution of silicon dioxide is 

45 preferably 300 ppm or less, more preferably 100 ppm or less, and most preferably 0.3 ppm or less. If the content of 
metallic impurities exceeds 300 ppm, silicon wafers are easily contaminated by the metallic impurities. 
[0039] The contamination of silicon wafers by metallic impurities means the adhesion of metallic impurities having 
a large diffusion coefficient such as copper, and the diffusion of the metallic impurities into the silicon wafers due to 
polishing. If a device is formed using a metal-contaminated silicon wafer, the metallic impurities diffused on the surface 

50 of or in the wafer may cause the defect of the semiconductor, such as short-circuiting and leakage. 

[0040] The content of silicon dioxide in the polishing composition is preferably 0.1 to 40% by weight, more preferably 
1 to 30% by weight, and most preferably 3 to 20% by weight. If the content of silicon dioxide is less than 0.1% by 
weight, sufficient polishing speed cannot be achieved. On the other hand, if the content of silicon dioxide exceeds 40% 
by weight, the viscosity of the polishing composition will excessively increase, the polishing composition will be gelated, 

55 and handling will become difficult. 

[0041] The polishing composition may contain various additive components, such as chelating agents, surfactants, 
and preservatives. The content of the additive components is determined in accordance with the common practice of 
polishing compositions. 
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[0042] The pH of the polishing composition is preferably 9 to 12, and most preferably 10 to 11. If the pH of the 
polishing composition is lower than 9, the content of Component C is low, and sufficient polishing speed cannot be 
achieved. On the other hand, if the pH of the polishing composition exceeds 12, the polishing composition may be 
gelated. 

5 [0043] The polishing composition is prepared by adding Components A, B, C, and E to water, and stirring them using 
a blade-type stirrer, or dispersing using an ultrasonic dispersing apparatus. The order to add Components A, B, C, and 
E to water is not limited. 

[0044] In the first embodiment, the polishing composition having a relatively high concentration is prepared in order 
to facilitate the storage and transportation of the polishing composition. The polishing composition is practically used 

10 jn polishing processes after diluting. For diluting, the above-described impurity-reduced water is used. When a previ- 
ously diluted polishing composition is prepared, the dilution ratio of the polishing composition is preferably 50 or less, 
more preferably 40 or less, and most preferably 20 or less. If the dilution ratio exceeds 50, the volume and weight of 
the diluted solution increase, and the transportation costs tend to be expensive. 
[0045] Next, the apparatus 11 for polishing silicon wafers will be described referring to Fig. 1 . 

is [0046] The polishing apparatus 1 1 has a disc-type turntable 12 whereon a polishing pad 14 is bonded. The turntable 
12 rotates around a first rotation shaft 13 installed on the lower center thereof. One or a plurality of disc-type wafer 
holders 15 (only one is shown in Fig. 1) are installed above the turntable 12, each wafer holder 15 is rotated by a 
second rotation shaft 1 6 fixed to the upper centerthereof , and a disc-type ceramic plate 1 7 is fixed to the bottom surface. 
[0047] To the bottom surface of the ceramic plate 1 7, a polyurethane sheet (not shown), and a disc-type wafer holding 

20 plate 19 having four wafer-holding holes 18 is detachably fixed. The polishing composition 20 is fed to the polishing 
pad 14 from the nozzle 21 a of the feeder 21 installed above the turntable 12. When multistage polishing is performed, 
a plurality of respectively optimized polishing compositions are prepared for a plurality of polishing processes, and 
these polishing compositions are separately fed to the polishing pad 14 from a plurality of feeders 21 . 
[0048] Next, a method will be described for polishing a silicon wafer using the polishing composition. 

25 [0049] When the wafer surface is polished in, for example, three stages, the silicon wafer is first held in the wafer 
holder 1 5 by, for example, suction while being accommodated in a wafer-holding hole 1 8 with the surface to be polished 
facing downward. While rotating the wafer holder 15 and the turntable 12, the polishing composition for first polishing 
is fed to the polishing pad 14 from the feeder 21 . The wafer holder 15 is moved downward to push a silicon wafer 
against the polishing pad 14. Thus, the first polishing is performed on the wafer surface. 

30 [0050] After the first polishing, second polishing is performed. The wafer holder 1 5 is once separated from the turn- 
table 12. While feeding the composition for second polishing onto the polishing pad 14 from the feeder for the second 
polishing, the wafer holder 15 is moved downward to push a silicon wafer against the polishing pad 14. Thus, the 
second polishing is performed on the wafer surface. 

[0051] After the second polishing, third polishing for lowering the haze level of the wafer surface is performed by 
35 using the polishing composition 20 according to the present invention. First, the wafer holder 15 is once separated 
from the turntable 12. While feeding the composition 20 for third polishing onto the polishing pad 14 from the feeder 
21 for the third polishing, the wafer holder 15 is moved downward to push a silicon wafer against the polishing pad 14. 
Thus, the third polishing is performed on the wafer surface. 

[0052] Although the case wherein one side of a silicon wafer is polished is described in the above description, the 
40 present invention can be applied to the case wherein both sides are simultaneously polished using a double-side 
polishing machine. 

[0053] According to the first embodiment, the following advantage can be obtained. 

[0054] The polishing composition of the first embodiment contains HEC and PEO. By the synergic action of HEC 
and PEO, the surface roughness of wafers is efficiently reduced, and the haze level is reduced in comparison with 
45 conventional polishing compositions. The adhesion of particles, such as the components of the polishing composition 
and chips generated by polishing (abrasive shavings) onto the wafer surface is also inhibited, and the deterioration of 
LPD is prevented. 

[0055] Since the polishing composition contains an alkaline compound (Component C), the polishing speed is im- 
proved. 

so [0056] Next, the second embodiment of the present invention will be described. The second embodiment related to 
a rinse composition used in the rinsing process performed after the polishing process for reducing the haze level of 
the wafer surface. The rinse composition contains the following components A to D: 

A: HEC, 
55 B: PEO, 

C: alkaline compound, and 
D: water. 
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[0057] The details of each component are as described for the above polishing composition. 
[0058] Component C ; or an alkaline compound, is used in order to adjust the pH of the rinse composition and to 
reduce the haze level of the wafer surface. If a rapid change in pH occurs on the surface of a polished wafer surface 
roughness is easily produced. Therefore, it is preferred that the pH of the rinse composition is almost the same level 
as the pH of the polishing composition. If the pH of the rinse composition is considerably lower than the pH of the 
polishing composition, the polishing composition remaining on the surface of the polishing pad reacts with the rinse 
composition on the wafer surface to form a gel. Since the removal of the gel from the wafer surface is difficult, and the 
gel causes the plugging of the polishing pad, the formation of the gel is not preferred. On the other hand if the pH of 
the rinse composition is considerably higher than the pH of the polishing composition, the wafer surface is easilv 
roughened. 1 

[0059] The rinse composition is prepared by adding Components A, B, and C to water, and stirring using a blade- 
type stirrer or dispersing using an ultrasonic dispersing apparatus. The order to add Components A, B, and C to water 
is not limited. 

[0060] The polishing composition having a relatively high concentration is prepared in order to facilitate the storage 
and transportation of the rinse composition. The rinse composition is practically used in rinse processes after diluting 
For diluting, the above-described impurity-reduced water is used. When a previously diluted rinse composition is man- 
ufactured, the dilution ratio of the rinse composition is preferably 100 or less, more preferably 80 or less, and most 
preferably 40 or less. If the dilution ratio exceeds 1 00, the volume and weight of the diluted solution increase, and the 
transportation costs tend to be expensive, 

[0061] Next, a method for rinsing a silicon wafer using the above-described rinse composition will be described. 
[0062] Immediately after the completion of polishing for reducing the haze level, the feeder 21 is replaced with a 
feeder for the rinse composition while maintaining the state wherein the wafer holder 15 is contacted to the turntable 
12. The operating conditions of the polishing apparatus are switched to rinse conditions. The polishing composition 
remains on the wafer surface and the polishing pad 14. The polishing pad 14 is used as a pad for rinsing. The rinse 
composition is fed onto the polishing pad 14 from the feeder for the rinse composition. The wafer surface is rinsed by 
pushing the silicon wafer against the polishing pad 14. 

[0063] Although the case wherein one side of a silicon wafer is rinsed is described in the above description, the 
present invention can be applied to the case wherein both sides are simultaneously rinsed using a double-side polishina 
machine. 

[0064] According to the second embodiment, the following advantage can be obtained. 

[0065] The rinse composition of the second embodiment contains H EC and PEO. In the rinsing method of the second 
embodiment, after the completion of polishing for reducing the haze level, the wafer surface whereon the polishing 
composition remains is rinsed using the rinse composition. Therefore a mixture of the polishing composition remaining 
on the wafer surface, the surface on and in the polishing pad, and the rinse composition is formed. Since the mixture 
contains a trace of silicon dioxide (Component E) derived from the polishing composition, the wafer surface is polished 
to some extent by silicon dioxide in the rinsing process. By the synergic action of HEC and PEO, the surface roughness 
of wafers is reduced, and the haze level is reduced in comparison with conventional rinse compositions. Since the 
adhesion of particles is also reduced, the LPD is improved. 

[0066] According to the rinsing process of the second embodiment, the polishing and rinsing of the wafer surface 
are sequentially performed. Therefore, the labor for once removing the silicon wafer after polishing the wafer surface 
from the wafer holding hole 18, and for mounting the silicon wafer to the rinsing apparatus can be eliminated and the 
occurrence of etching or contamination of the wafer surface caused by the polishing composition can be prevented 
The drying up of the wafer surface after polishing is also prevented, and the adhesion of silicon dioxide in the polishing 
composition on the wafer surface can be prevented. As a result, the LPD is improved. Since polishing and rinsing can 
be performed using the same apparatus, the time for treating the wafer surface can be reduced, and the costs for the 
polishing and rinsing processes can be reduced. 
[0067] The embodiments may be altered as follows: 

[0068] After the completion of polishing or rinsing, the wafer surface may be scrub-cleaned using pure water. Scrub 
cleaning is a method for scrubbing the wafer surface using impurity-reduced water, such as pure water and ultra-pure 
water, with a sponge made of polyvinyl alcohol or the like. 

[0069] The polishing composition and the rinse composition may contain hydrogen peroxide. The oxide film formed 
by hydrogen peroxide on the wafer surface prevents the adhesion of particles directly on the wafer surface and im- 
proves the LPD. 

[0070] The rinse composition may contain a trace of silicon dioxide (Component E). In this case, even if the polishing 
composition does not remain on the wafer surface or the surface of or in the polishing pad, the haze level is reduced 
by the rinsing treatment of the wafer surface. 

[0071] Next, the examples and comparative examples of the present invention will be described. 
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Examples 1 to 26 and Comparative Examples 1 to 19 -Polishing composition- 

[0072] The polishing composition of Example 1 was prepared by mixing HEC (Component A), PEO (Component B), 
a 29 wt-% aqueous solution of ammonia (Component C), ultra-pure water (Component D), and colloidal silica (Com- 
5 ponent E). The contents of HEC, PEO, and AM in the polishing composition are shown in Table 1 . The quantity of AM 
in the following description and tables is the quantity of a 29 wt-% aqueous solution of ammonia, and the quantity of 
TMAH is the quantity of a 25 wt-% aqueous solution of TMAH. 

[0073] HEC and PEO are components to reduce the haze level, and ammonia is a component to accelerate polishing. 
The content of colloidal silica in the polishing composition was 10% by weight. The total content of iron, nickel, copper, 
io and calcium in the 20 wt-% aqueous solution of colloidal silica was 20 ppb or less. 

[0074] The average particle diameter D SA of colloidal silica measured using a FlowSorb H2300, the trade name of 
Micromeritics GmbH, was 35 nm. The average particle diameter D N4 of colloidal silica measured using an N4 Plus 
Submicron Particle Sizer, the trade name of Beckman Coulter, Inc. was 70 nm. 

[0075] In Examples 2 to 26 and Comparative Examples 1 to 1 9, polishing compositions were prepared in the same 
is manner as in Example 1 except that the kinds and contents of the components to reduce the haze level and the 
components to accelerate polishing were changed as shown in Tables 1 and 2. 

[0076] Each polishing composition of Examples 1 to 26 and Comparative Examples 1 to 19 was diluted 20 times 
(volume ratio) with ultra-pure water, and the surface of a silicon wafer was polished using the diluted polishing com- 
position under the following conditions. Polishing apparatus: Single-side polishing apparatus (SPM-15: Fujikoshi Ma- 
20 chinery Corp. with 4 wafer holders) 

Articles to be polished: Four 6-inch silicon wafers/wafer holder 
Load: 9.4 kPa 

Turntable rotating speed: 30 rpm 
Wafer holder rotating speed: 30 rpm 
25 Polishing pad: Surf in 000 (suede type, manufactured by Fujimi Incorporated) 
Feed speed of the composition: 500 ml/min 
Polishing time: 8 min 
Temperature of the composition: 20°C 

[0077] As silicon wafers for testing Examples 1 to 24 and Comparative Examples 1 to 1 7, 6-inch silicon wafers (p- 
30 type, crystal orientation <100>, resistivity: less than 0.01 Q-cm) from which the surface layers had been previously 
removed by 1 0 u.m by polishing using a polishing composition (GLANZOX-1 101, manufactured by Fujimi Incorporated) 
were used. 

[0078] As silicon wafers for testing Example 25 and Comparative Example 18, 6-inch silicon wafers (p-type, crystal 
orientation <100>, resistivity: 0.01 Qcm or more and less than 0.1 £2-cm) from which the surface layers had been 
35 previously removed by 10 u,m by polishing using a polishing composition (GLANZOX-1101 , manufactured by Fujimi 
Incorporated) were used. 

[0079] As silicon wafers for testing Example 26 and Comparative Example 19, 6-inch silicon wafers (p-type, crystal 
orientation <1 00>, resistivity: 0.1 £2cm or more) from which the surface layers had been previously removed by 1 0 urn 
by polishing using a polishing composition (GLANZOX-1101, manufactured by Fujimi Incorporated) were used. 
40 [0080] The silicon wafers after polishing were subjected to scrub cleaning for 1 0 seconds using pure water, and SC- 
1 cleaning. In SC-1 cleaning, a solution of ammonia (29 wt-% solution) :hydrogen peroxide (31% solution):pure water 
= 1:1:10 (volume ratio) was used. 

[0081] The haze level (hereafter abbreviated as HL) and LPD of the silicon wafers after cleaning were evaluated. 
For Examples 2, 3, 5, and 1 0 to 14, and Comparative Examples 5, 10 to 13, and 16, the surface conditions were also 
45 evaluated. The results of evaluation are shown in Tables 1 and 2. 
[0082] The abbreviations in the tables are as follows: 

Ethanol: EtOH 
Guar gum: GGG 
50 Polyacrylic amide: PAAM 

Potassium chloride: CP 
Disophylane: SPH 

Polyvinyl alcohol (average degree of polymerization: 1,400; degree of saponification: 95%): PVA 
Polyethylene glycol: PEG 

55 

(1) Haze level 

[0083] The haze levels of silicon wafers after cleaning were measured using an AMS-AWIS 3110 (trade name of 



7 



BNSDOCID: <EP. 



.1424727A1_I_> 



EP 1 424 727 A1 



ADE Company). The measured haze levels were evaluated by five scales of less than 0.05 ppm 0.05 ppm or 
more and less than 0.075 ppm (® ), 0.075 ppm or more and less than 0.1 ppm (O), 0.1 ppm or more and less than 
0.2 ppm (A), and 0.2 ppm or more ( x). 



(2) LPD 



10 



[0084] The number of particles of a size of 0.1 um or larger in silicon wafers after cleaning was counted using an 
AMS-AWIS 3110. The LPD was evaluated by three scales of less than 50 (O), 50 or more and less than 300 (A), and 



300 or more (x). 
(3) Surface conditions 



[0085] The surface conditions of silicon wafers after cleaning were observed using an atomic force microscope (D 
3000 manufactured by Digital Instruments). The observed range was a square area of a side of 10 urn, and ten areas 
15 were observed. The surface conditions were evaluated by four scales of very good without scratches (® ), good with 
few scratches (O), poor with scratches (A), and very poor with many scratches (x). 

[0086] In the polishing compositions of Examples 1 to 26 that contain both HEC and PEO, the evaluations of the 
haze level and LPD were fine. In the polishing compositions of Examples 2, 3, 5, and 10 to 14 that contained both HEC 
and PEO, the evaluations of the surface conditions were high, and it was seen that the formation of scratches was 
20 inhibited. 

[0087] On the other hand, the evaluations of haze levels were poor in the polishing compositions of Comparative 
Examples 2 to 4, 6 to 8, and 15 that contained neither HEC nor PEO, the polishing composition of Comparative Ex- 
amples 1, 5, 9-12, 16 and 17 that contained either one of HEC and PEO, the polishing composition of Comparative 
Example 13 of the PEO content of 0.005% by weight or less, and the polishing composition of Comparative Example 

25 14 of the PEO content of 0.5% by weight or more. In Comparative Examples 5, 10 to 13, and 16, the evaluations of 
surface conditions were also poor. The haze levels of polishing compositions of Comparative Examples 1 8 and 1 9 that 
contained either one of HEC and PEO were poorer than the haze levels of Examples 25 and 26. 
[0088] It was known from the above results, that the polishing compositions of Examples 1 to 26 that contained both 
HEC and PEO were superior to the polishing compositions of Comparative Examples 1 to 19 that lacked at least one 

30 of HEC and PEO. 



Examples 27 to 52 and Comparative Examples 20 to 36 -Rinse composition- 

[0089] Rinse compositions of Example 27 was prepared by mixing HEC (Component A), PEO (Component B), AM 
35 (Component C), and ultra-pure water (Component D). HEC and PEO are the componentto reduce the haze level, and 
Component C is a component to adjust pH. The contents of HEC, PEO, and AM in the rinse composition are shown 
in Table 3. 

[0090] The compositions of the rinse compositions of Examples 28 to 52 and Comparative Examples 20 to 36 are 
shown in Tables 3 and 4. Each rinse composition of Examples 27 to 52 and Comparative Examples 20 to 36 was diluted 
40 20 times with ultra-pure water. 

[0091] At the same time of the completion of polishing using the polishing composition of Example 5 underthe above- 
described polishing conditions, the operating conditions of the polishing apparatus were switched to the following rinsing 
conditions, and rinsing was performed using the diluted rinse composition. 

45 <Rinsing conditions> 



[0092] 

Load: 2 kPa 
so Wafer holder rotation speed: 62 rpm 

Feeding speed of the composition: 2,000 ml/min 
Rinsing time: 30 seconds 



Other conditions were the same as in the polishing conditions described above. 
55 [0093] As silicon wafers for testing the rinse compositions of Examples 27 to 50 and Comparative Examples 20 to 
34, 6-inch silicon wafers (p-type, crystal orientation <100>, resistivity: less than 0.01 O-cm) from which the surface 
layers had been previously removed by 1 0 um by polishing using a polishing composition (GLANZOX-1 101, manufac- 
tured by Fujimi Incorporated) were used. 
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[0094] The rinsing tests for the rinse compositions of Example 51 and Comparative Example 35 were different from 
the tests for the rinse compositions of Examples 27 to 50 and Comparative Examples 20 to 34 only in the following 
aspects. Specifically the silicon wafers for the tests were 6-inch silicon wafers (p-type t crystal orientation <100>, re- 
sistivity: 0.01 £2cm or more and less than 0.1 fl-cm) from which the surface layers had been previously removed by 
1 0 pirn by polishing using a polishing composition (GLANZOX-1 1 01 , manufactured by Fujimi Incorporated), and polished 
using the polishing composition of Comparative Example 19 before rinsing. 

[0095] The rinsing tests for the rinse compositions of Example 52 and Comparative Example 36 were different from 
the tests for the rinse compositions of Examples 27 to 50 and Comparative Examples 20 to 34 only in the following 
aspects. Specifically the silicon wafers for the tests were 6-inch silicon wafers (p-type, crystal orientation <100>, re- 
sistivity: 0.1 Q-cm or more) from which the surface layers had been previously removed by 10 ujti by polishing using 
a polishing composition (GLANZOX-1 1 01 , manufactured by Fujimi Incorporated). 

[0096] After rinsing using each rinse composition, scrub cleaning using pure water for 1 0 seconds, and SC-1 cleaning 
were performed. The silicon wafers after treatment were evaluated. The results of evaluation are shown in Tables 3 
and 4. 

[0097] The evaluations of the haze level and LPD were high in the rinse compositions of Examples 27 to 52 that 
contained both HEC and PEO. 

[0098] On the other hand, the evaluations of the haze level were low in the rinse compositions of Comparative Ex- 
amples 20, 21 , 25 to 28 : and 32 to 34 that contained either one of HEC or PEO; the rinse compositions of Comparative 
Examples 22 lo 24 and 31 that contained neither HEC nor PEO; the rinse composition of Comparative Example 29 
that contained 0.005% by weight or less PEO; the rinse composition of Comparative Example 30 that contained 0.5% 
by weight or more PEO; and Comparative Examples 35 and 36 that contained either one of HEC or PEO. 



25 



30 



35 



40 



45 



SO 



55 



9 

BNSDOCID: <EP 1424727A1J_> 



EP 1 424 727 A1 



liliilllllllliiillllliiiiil- 



§§§iississlg§sssslsls3lggg 

lililllilliiiiilliiilillli 

£2SSSeSSS222£eefi22582282j 



f 



Hi i 

S S t 

llllli'llt • I I I I I • I 

e 2 c K 

"* "* <M 



1 

! I I I t I ■ t • I I I I I • I • I « • « • < 

g 



1 



ge££ggS8S8SS55SSSSSSSSSE 



i i i i i i i i i i i i t i i i i 



2S2S|g2 



3S| 

l I I I I I I I l I I l I 1 f I « * I 1 



ft 

! | | | | | | I I I I I I I I I 1 I « * 1 ■ 1 

s 

p.t>>>>>t>>>>>>>>>> >t>>0>>t> 



& 



5 M 



II 



10 



EP 1 424 727 A1 



w 



15 



20 



25 



30 



35 



40 



45 



1 



§§§ 



5SS 



i 

I 



s • Ilill|«e • | • • 



lisssssl 

HI"- 

§ S S 8§ S £ g 



1 



I | I I I I I I 



I ■ I I I I I I I I f I • I I I 



SbbbbSSbbbbbbggSbl 



©00>0000000t>>00* x xO 



x x x>>x>>xxx>>xxxQ 



I i > x x x i t i txi i i t 



if 



f 



II 



50 



55 



11 



BNSDOCID: <EP 1424727A1_L> 



EP 1 424 727 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



S 



mm 



§111. 



oo 



j: JZ XXXXXXXXXXXXXXXX 

... jn fn m m mm 51 m m n rn rn m rn m m ni ni 
qoooooooooooooooooooooo 



8o o o o ooo CQOOooooooooooo 
O O O O 0 0 O OOOOC=POOC>OOOOC30«9 

gfie6&gg66&65gg&&6Seggg6 



SSSSSSSSoSSSoSoSSSSSoSo 
222*2 £S2S22 2£2SSS222S2S§S 



1 s I ° 

2 2* ♦ 



I 



i t i ■ ■ i i i i i i i t i i i i i i i i i i 



6 



? 2 ? 5 s i S 
p p p p £ S £ 

n •* - 3 8 5 



i i i i t i i i i i i i ■ i i i < 



3 2 

|S| |S| 



1 I I I I I I I I I I J < I I t ■ I I I 



• I I I f I I I f I I I f I t I I t I I f I I 



oooooooooooooooooooooooo 



* 5 



si 



s 5 



i 



55 



12 



1 ^0^707*1 I ~ 



EP 1 424 727 A1 















0 


5 






CI 

en 




a 

•7 


i 

g 
?• 

0 


10 




X 

8 

O 

o 


X 

s 

K» 

o 

O 


1 £ 1 'iilllfss-li 

s 






15 




e 

<n 


to 
Oi 


sgissgBsee. ss2§ss 


i 












EtOH 

PVA 
PEQ 
PEG 
PEO 
PEO 
PEQ 
PEO 
PEO 
PVA 




5 


20 




i 


1 


O CD & CP 

' M g M S S 1 1 

So O 6 III II 

5 o o o 




0 

■ 


25 








g222g|£Sg 8 


1 


-< 
0 










§ 






30 




I 


1 


9 1 1 1 1 1 1 1 1 l. 1 1 1 1 1 


i 




35 


CO 

1 










cT 
n 

X 

g 

s* 


40 


i. 
§ 




o 


i>i>>ooo>t>>>>>>oo 






40 - 
O 

£. 

O 

3 L 


> 


t> 


>>>>>>>>>>>>>>o 


0 



45 



SO 

Claims 

1. A polishing composition used in a polishing process for reducing haze level of wafer surface, characterized by: 

55 hydroxyethyl cellulose; 

polyethylene oxide compounded in said composition in a quantity larger than 0.005% by weight and smaller 
than 0.5% by weight; 
an alkaline compound; 
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water; and 
silicon dioxide. 

2. The polishing composition according to claim 1, wherein the total content of iron, nickel, copper, and calcium in 
5 the silicon dioxide, as measured in a 20 wt-% aqueous solution of said silicon dioxide, is 300 ppm or less. 

3. The polishing composition according to claim 1 , wherein the content of hydroxyethyl cellulose in the polishing 
composition is 0.1 to 1% by weight. 

w 4. The polishing composition according to claim 1 , wherein the content of silicon dioxide in the polishing composition 
is 3 to 20% by weight. 

5. The polishing composition according to claim 1 , wherein the alkaline compound is ammonia. 

15 6. A rinse composition used in the process for manufacturing silicon wafer having a surface with a reduced haze 
level, said rinse composition characterized by: 

hydroxyethyl cellulose; 

polyethylene oxide compounded in said composition in a quantity larger than 0.005% by weight and smaller 
20 than 0.5% by weight; 

an alkaline compound; and 
water. 

7. The rinse composition according to claim 6, which is used for reducing the haze level of the surface of said silicon 
25 wafer after a polishing process. 

8. The rinse composition according to claim 6, wherein the content of hydroxyethyl cellulose in the rinse composition 
is 0.1 to 1% by weight. 

30 9. The rinse composition according to claim 6, wherein the alkaline compound is ammonia. 

10. A method of polishing for providing a silicon wafer having a surface with a reduced haze level, said method being 
characterized by using a polishing composition according to any one of claims 1 to 5 to polish the surface of said 
silicon wafer. 

35 

11. A method of rinsing for providing a silicon wafer having a surface with a reduced haze level, said method being 
characterized by using a rinse composition according to any one of claims 6 to 9 to rinse the surface of said 
silicon wafer after said surface has been polished. 

40 12. A method of treating a surface of a silicon wafer for providing a silicon wafer having a surface with a reduced haze 
level, said method being characterized by: 

polishing the surface of said silicon wafer using a polishing composition according to any one of claims 1 to 
5; and then 

45 using a rinse composition according to any one of claims 6 to 9 to rinse the surface of said silicon wafer 

immediately after the completion of said polishing step. 

13. The method according to claim 12, wherein said rinse composition has a pH that is substantially equal to a pH of 
said polishing composition. 

50 
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